Three different trials, at three different localities, each with different growing conditions, were conducted with nine different wine grape varieties. Four different pruning methods, hand, mechanical, minimal and no pruning were tested. Growth responses, grape composition and morphology, wine quality as well as labour inputs were evaluated. Huge labour savings were obtained with the alternative pruning methods compared to hand pruning. A reduction in vigour and increase in yield were evident in each variety. Wine quality was not decreased and in some cases even a quality increase was evident. Varieties differ in their adaptabifity to alternative pruning methods with Cabernet Sauvignon, Pinotage and Chardonnay performing well and Sauvignon blanc and Merlot poorly. Chenin blanc, Shiraz, Colombar and Ruby Cabernet showed acceptable performance. Alternative pruning methods proved to be viable, especially for the production of medium and low priced wines.
INTRODUCTION
Rising production costs in the national and international wine industries essentialise the implementation of cost reducing methods and procedures. Labour costs are responsible for more than 60% of total annual costs of wine grape production in South Africa ('Vinpro, 2005) and, therefore, the development of labour saving techniques is of paramount importance. Most wine grape vineyards in the Western Cape are pruned by hand. This makes an important contribution to the annual labour costs of producing wine grapes and, therefore alternative pruning methods had to be investigated. These alternative pruning methods are mechanical spur pruning (May & Clingeleffer, 1977; Clingeleffer, 1988) , minimal pruning (Clingeleffer, 1993) and non-pruning (d 'Armailhacq, 1867; Bakonyi, 1987) .
Most reports on mechanical spur pruning showed an increase in yield (Morris et al., 1975; May & Clingeleffer, 1977; Clingeleffer, 1988; Reynolds, 1988; Reynolds & Wardle, 1993; Archer, 1999) . On the other hand, it reduced bunch and berry mass (Morris et al., 1975; Morris et al., 1981; Reynolds, 1988) , and sugar concentration (Shaulis et al, 1973; Cawthon, 1980 and Anderson et al., 1996) . In general, wine quality was reduced mainly due to a loss in colour with red grapes (Reynolds & Wardle, 1993) . The response of the vine to mechanical spur pruning varied according to cultivar (McCarthy & Cirami, 1990) as well as clone (Clingeleffer, 1988; McCarthy & Cirami, 1990 ) and virus infection (Clingeleffer & Krake, 1992; Rühl & Clingeleffer, 1993) .
Research results on minimal pruning, compared to normal hand pruning, showed an increase in yield, number of bunches and shoots (Cirami et al, 1985; Clingeleffer & Possingham, 1987; Clingeleffer, 1988 and 1989; McCarthy & Cirami, 1990; Clingeleffer, 1993) . Most of these reports showed that sugar concentration, as well as pH were reduced and total acid concentration increased by minimal pruning. In terms of wine colour, flavour and quality, variable results were reported depending on climate and vigour.
Research results on non-pruning are not abundant. Working with seven different cultivars, Bakonyi (1987) reported increased yields, no obvious loss in quality but an increase in oIdium and vine scales compared to hand pruned control vines. The research of Martinez de Toda & Sancha (1988) on un-irrigated Grenache showed that non-pruning increased the yield, dry matter and sugar production per vine. This was ascribed to a significant increase in total leaf area per vine. On the other hand, sugar concentration was reduced.
Although general trends in the effect of alternative pruning methods on grapevine performance are visible from the research results, the following pertinent questions needed answers under the specific viticultural conditions prevailing in South Africa: 1) Can these methods be used in producing top quality red wine from a noble cultivar? 2) Are these methods applicable under different climatic conditions? 3) Are there response differences between cultivars to these pruning methods? In an endeavour to answer these questions, this research project was undertaken in 1996. MATERIALS AND METHODS The project entailed three field trials at three different localities:
Trial at Elsenburg
The one ha trial vineyard was planted in 1996 on an Oakleaf soil form (Soil Classffication Work Group, 1991) with six cultivars: Chardonnay, Chenin blanc, Sauvignon blanc, Pinotage, Shiraz and Cabernet Sauvignon, all grafted onto Richter 99 rootstock.
The treatments used were: control (hand pruned to two-bud spurs, 12 spurs per vine), mechanical pruning (vines were pruned with mechanical hedge cutters approximately 10cm above the cordon; no thinning of spurs were done) and minimal pruning (vines were mechanical skirted approximately 30cm above ground level during December and the sides were trimmed with mechanical hedge cutters to keep the rows open for spraying. The tops were untouched). Both cultivars and pruning treatments were randomised in blocks and consisted of three replicates each separated by buffer rows.
Before planting the soil was criss-crossed with a shift delve plough to a depth of 1 .2m after 4.5t/ha calcitic lime was broadcasted on the soil surface. This resulted in a soil pH of 5.2 to 5.9 and the vineyard was cultivated without irrigation. Vines in the control plots were split-cordon trained (cordon height above ground = 0.60m) on a standard four strand Perold trellis with movable foliage wires (Zeeman, 1981) . 'Vines in the other plots were split-cordon trained (cordon height above ground = 1 .20m) on a one strand Hedge trellis (Zeeman, 1981) . 'Vine spacing in all cases was 3.Om x 1 .5m, resulting in 2 222 vines/ha.
Trial at Robertson
This two ha trial vineyard was planted in 1997 on a Hutton soil form (Soil Classification Work Group, 1991) with six cultivars: Chardonnay, Chenin blanc, Colombar, Sauvignon blanc, Ruby Cabernet and Shiraz, all grafted onto Richter 99 rootstock. The treatments used were: control (hand pruned to two-bud spurs, 14 spurs per vine), mechanical pruning (vines were pruned with mechanical hedge cutters approximately 10cm above the cordon; no thinning of spurs were done) and minimal pruning (vines were mechanical skirted approximately 30cm above ground level during December and the sides were trimmed with mechanical hedge cutters to keep the rows open for spraying. The tops were untouched). Both cultivars and pruning treatments were randomised in blocks and consisted of six replicates, each separated by buffer rows. Based on heat summation over the growing period (September to March), this locality is in climatic region III (Saayman, 1981) at 330551 South latitude. Before planting, the soil was crisscrossed with a shift delve plough to a depth of 1.3m after 6.5t/ ha dolomitic lime was broadcasted on the soil surface (eventual soil pH = 6.3). Irrigation was applied by means of micro-jets and scheduled according to A-pan evaporation and crop factors. Vines in the control plots were split-cordon trained (cordon height above ground = 0.70m) on a standard five strand Perold trellis (Zeeman, 1981) with movable foliage wires. 'Vines in the other plots were split-cordon trained (cordon height above ground = 1 .20m) on a one strand hedge trellis (Zeeman, 1981) . 'Vine spacing in all cases was 3.Om x 1.5m, resulting in 2 222 vines per ha. The nutrition programme was managed in the same way as with the trial at Elsenburg.
Trial at Nietvoorbij
This one ha trial was laid out in an existing Cabernet Sauvignon x Richter 99 vineyard on an Avalon soil form (Soil Classification work Group, 1991) . Vme spacing was 2.75m x 1.5m resulting in 2424 vine per ha, and the existing five strand Perold trellis as well as the vines (expect for the control plots) were converted to a high (1 .2m) one strand Hedge trellis according to the procedures described by Archer & Van Schalkwyk (1998) . The following treatments were applied: control (hand pruning to 12 two-bud spurs per vine), mechanical pruning (vines were pruned with mechanical hedge cutters approximately 10cm above the cordon; no thinning of spurs were done) minimal pruning (vines were mechanical skirted approximately 30cm above ground level during December and the sides were trimmed with mechanical hedge cutters to keep the rows open for spraying. The tops were untouched) and non-pruning (no pruning or trimming was applied). The pruning treatments were randomised in blocks and consisted of five replicates, each separated by buffer rows and vines.
Before planting, the soil was criss-crossed with a shift delve plough to depth of 1 .30m after 12tIha calcitic lime was broadcasted on the soil surface (eventual soil pH = 5.9). Depending on the season and soil moisture measurements, a maximum of three irrigations were applied with micro-jets. Vines in the control plots were split-cordon trained (cordon height above ground = 0.70m). Vines in the other plots were trained exactly the same as in the trials at Elsenburg and Robertson. MEASUREMENTS Time studies Time studies to determine man hours needed for each operation were done during pruning, canopy management (suckering, positioning of shoots, tipping, topping and leaf removal) and harvesting and from these the labour needed to manage the vines of each of the pruning systems was calculated (machine and machine operator costs not included). Yield, bunch mass, peduncle mass, berry mass and berry volume During harvest, the physical condition of the grapes was visually evaluated in all plots and the percentage rot, millerandage, etc. noted by the same person. Thirty vines per plot were harvested in crates, weighed, and the average yield per vine calculated. One crate per plot was randomly selected, weighed, and the number of bunches counted to calculate the average bunch mass. Five bunches from each of those crates were randomly selected and stored at -20° C until after harvest to determine berry mass and volume. In the case of the trial at Nietvoorbij, five vines per plot were harvested to determine yield per vine, bunch, pedicel and berry mass as well as berry volume. The rest of the vines of the alternative pruned treatments were then mechanically harvested. The mass of the frozen berries was determined by being thawed. Using the methods as described by Van Schalkwyk (2004) to determine bunch mass, peduncle mass, berry mass and berry volume, five bunches of each plot were randomly sampled and the frozen berries rubbed off in such a way that the pedicel were left on the peduncles. Out of this sample, 100 berries were randomly counted and weighed using a laboratory balance with a sensitivity of two decimals per gram. These berries were also used to determine berry volume. A 1 000mL measuring cylinder was filled with enough water to cover 100 berries (e.g. 200mL) . The berries were then added, a reading taken and the first reading subtracted from the second to determine the volume of 100 berries. All five bunches peduncles per sample were weighed after the berries were rubbed off and average mass calculated. Cane mass and number of buds During winter, the number of shoots per vine and internodes per shoot were counted. Cane length was measured using all the canes of five vines per replicate and the average internode length was calculated. To calculate the cane mass per vine, 30 vines of each replicate were of the hand and mechanically pruned treatments were weighed. In one year the number of winter buds were counted on five randomly selected vines per plot. The same vines were used to count the shoots during spring and from this % bud burst was calculated. Berry skin, wine colour and phenols Berry skin (Hunter et al., 1991) and wine colour (Ribereau-Gayon et al., 2000) were only analysed for the red varieties at A420 nm and A520 nm using a LKB Biochrom Ultraspec II E UV/Visibile Spectrophotometer. Total phenolic compounds were quantffied using a HPLC (Ribereau-Gayon et al., 2000) . Wines At Elsenburg and Nietvoorbij wines were prepared from all three and five replicates, respectively of all the treatments of all the varieties. At Robertson grapes from replicates one and four, two and five, three and six, per treatment per variety were pooled respectively for wine making thus only three wines per treatment were made instead of six. Eighty kg of grapes were harvested per plot and used for wine making.
Grapes from the white varieties, Chardonnay, Chenin blanc, Colombar and Sauvignon blanc were harvested between 21 .0°B to 22.0°B and red varieties, Cabernet Sauvignon, Merlot, Pinotage, Ruby Cabernet and Shiraz between 23.0°B to 24.0°B, respectively.
Wines were made according to the standard Nietvoorbij procedure for small-scale winemaking at the ARC Infruitec-Nietvoorbij Research Institute. The vinffication procedure for red wines was as follows: grapes were crushed, free SO 2 content was adjusted to 50mgfL before pressing and inoculated with YIN 13 (30gfhL) and fennented to 0°B at 24°C. During this period the cap was punched down three times a day. The skins were separated from the juice using a pneumatic press and pressed juice added to the free-run juice. After fermentation was completed, the total SO 2 content was adjusted to 85mgfL and 50gIhL bentonite added. Wines were cold-stabilized for two weeks at 0°C, filtered and bottled in N2-filled bottles at room temperature with adjustment of the total SO2 content to 85mgfL. The wines were stored in 750mL bottles with screw-caps at 13°C in a dark, temperature-controlled room directly after bottling.
The vinification procedure for white wines was as follows: grapes from Chenin blanc and Colombar were crushed and the free-run juice collected. Total SO 2 was adjusted to 50mgfL. The skins were separated from the juice using a pneumatic press and pressed juice added to the free-run juice. Overnight settling was allowed at 14°C after adding 0.5gfhL Ultrazyme. Clear juice was drawn off into 20L stainless steal canisters and 50 g/hL di-ammonium phosphate added and inoculated with YiN 13 (30 gIHL). Wines were dry fermented at 14°C at which point free SO 2 was adjusted to 40mgfL, and 50gIHL bentonite added. Wines were cold stabilized at 0°C for at least one week, then racked and filtered trough filter sheets. Free SO 2 was adjusted to 45mgfL at bottling. The wines were stored in 750mL bottles with screw-caps at 13°C in a dark, temperature-controlled room directly after bottling.
The same wine making procedures were followed for Chardonnay and Sauvignon blanc except that after crushing skin contact was applied for four hours at 14°C.
During August/September each year these wines were sensorially evaluated by trained tasting panels. A ten-point-line-scorecard system was used to evaluate wine quality, colour, overall cultivar intensity, aroma, acid, tannins, hardness and fullness.
Statistical analysis
The data was subjected to an analysis of variance. Student's t least signfficant difference (LSD) values were calculated to facilitate comparison between treatment means. Means which differed at p0.05 were considered to be signfficantly different.
RESULTS AND DISCUSSION

Trial at Nietvoorbij
All three alternative pruning methods significantly reduced labour cost for managing Cabernet Sauvignon compared to hand pruning (Table 1) . Not only was labour input for pruning reduced, but also for canopy management and harvest. Minimal and no pruning required significantly less labour than hand and mechanical pruning. It is imperative that mechanical harvesting is used when any one of the alternative pruning methods are employed as it is extremely labour intensive and costly to harvest these systems by hand.
More sunburn as well as berry shatter occurred when any one of the alternative pruning methods were used (Table 2) . With the hand pruned control plots, the shoots were vertically positioned as part of the canopy management programme, therefore, the bunches were better protected against direct sunlight. On the other hand, the open hanging shoots of the minimal and no pruning plots, exposed the grapes more to direct sunlight and in abnormally hot seasons (data not shown), this caused sunburn-damage. The higher percentage berry shatter that occurred with the alternative prun- ing, may be the result of a higher cluster exposure to wind during flowering time (data not shown). No pruning induced less compact bunches than any of the other pruning methods ( Table 2 ).
The alternative pruning methods decreased shoot length significantly compared to the hand pruned control (Table 3 ) and amongst them, the vines pruned mechanically had the longest shoots. The internode length was affected similarly (Table 3 ). This can be related to the fact that the capacity of alternatively pruned vines was expressed in signfficantly more shoots per vine than in the case of the hand pruned control (Table 3) . As expected, the highest cane mass was obtained from the hand pruned control vines.
Bud counts made during one data year (data not shown), showed that 24, 72, 191 and 227 buds per vine were left with hand, mechanical, minimal and no pruning respectively. This resulted in % budburst of 108%, 60%, 49% and 47% respectively.
A significantly lower yield was obtained from the hand pruned control vines (Table 3) . A clear seasonal interaction with treatments can be seen in Fig. 1A . In most years the hand pruned plots yielded less but at least it was relatively consistent from year to year, while the alternative pruning treatments varied much more. The 2003 season was extremely favourable for hiegh yields for alternatively pruned Cabernet Sauvignon. Over the five year trial period, this treatment accumulatively produced less grapes than the other treatments (Fig. 1B) and of the alternative methods; no pruning produced significantly more grapes.
Although the bunch mass was significantly reduced by alternative pruning, the increased number of bunches ensured that the yield per ha increased. The hand pruned control vines produced signfficantly larger berries than the other pruning treatments (Table 3) . 
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Vines that were hand and mechanically pruned, produced grapes with a higher sugar concentration than minimally and nonpruned vines (Table 3 ). The grapes from the alternative pruning treatments had a lower pH than those from hand pruned vines and this tendency was carried forward into the wine (Table 4) even though it was not true for the juice after crushing (Table 3 ). This higher pH in grapes and wine from hand pruned vines is ascribed to higher shade levels in the bunch zone of these VSP trained plots (data not shown). In general, the alternative pruning methods induced better colour in the skins and wines (Table 4) and this is ascribed to better sunlight penetration into the bunch zone of these vines (data not shown). These results are in accordance with those reported by Clingeleffer (1988 Clingeleffer ( & 1993 .
The aroma profiles and overall quality of the wines are indicated in Figs. 2 & 3. Vintage played an important role and over years succeeded in blanketing the treatment effects in the case of 6-month-old wines (Fig. 2) . In spite of this, the wines from the hand pruned vines consistently showed the most pronounced vegetative character. This is expected due to a higher canopy density (more shade) in the bunch zone. This tendency also held true in most vintages for the 18-month-old wines (Fig. 3) . These results are in accordance with those of numerous other researchers who found a better expression of fruitiness in wines from alternatively prunes vines. In spite of this, an evaluation of overall quality showed that the trained panel ofjudges had a preference for wines from the hand pruned vines ( Table 5 ).
Trial at Elsenburg
Hand pruning, together with the necessary canopy management as well as harvest, require 273.6 man hours/ha compared to 43.8 and 14.4 man hours/ha for mechanical and minimal pruning respectively (Table 6 ). This saving in man hours was true for all the varieties and there is a clear economic advantage to use anyone of the alternative pruning methods. During this trial, time studies showed that it is not viable to harvest any of the alternatively pruned plots by hand (data not shown). A mechanical harvester is a prerequisite when these methods are used.
The number of canes per vine of the three white varieties were increased with the alternative pruning methods, but the average cane length was reduced (Table 7) . This reduction could, in part, be ascribed to a reduction in internode length. The other cause of the reduction in cane length with the alternative pruning methods could be found in the vigour reducing effect of an increased crop load. In this regard, interesting differences occurred between varieties. Although the cane length of Chardonnay was not affected by mechanical pruning, minimal pruning significantly decreased the vigour of this variety. The explanation for this can be found in the yield/ha which was increased by 248% with minimal Effect of pruning method on the wine quality of 6 and 18 month old Cabernet Sauvignon wines at Nietvoorbij (2000 Nietvoorbij ( -2004 .
Parameter
Hand pruning Mechanical pruning Minimal pruning No pruning
Overall wine quality after 6 months (%) Effect of alternative pruning methods on the aroma profiles and wine quality of 6-month-old Cabernet Sauvignon at Nietvoorbij (2000 Nietvoorbij ( -2005 . pruning (Table 9 ). In the cases of both Chenin blanc and Sauviplications for fertilization and irrigation when alternative pruning gnon blanc, the vigour was signfficantly reduced by both the altermethods are applied. native pruning methods. This reduction was partly caused by the The alternative pruning methods significantly increased the huge crop induced by mechanical (76% and 97% respectively) as yield in the case of all varieties (Tables 7 & 8) while bunch mass, well as minimal pruning (155% and 230% respectively) ( Table 9) . berry mass and berry volume decreased. The decrease in berry size Field observations showed that, especially in the case of Chenin and volume can be ascribed to a signfficant increase in the number blanc, shoot growth came to a rather abrupt arrest compared to of bunches per vine (Tables 7 & 8) as well as an increase in the both Chardonnay and Sauvignon blanc. This has important imfruit mass: leaf surface area relationship (data not shown). Mini- mal pruning increased the number of bunches for Chardonnay, Chenin blanc and Sauvignon blanc by 361%, 517% and 760% respectively (Table 9) . Of the three white varieties, Sauvignon blanc showed the biggest decrease in beny mass and volume, bunch mass, cane length and internode length, while it showed the biggest increase in number of bunches per vine, number of canes per vine and the second largest increase in yield. After only four years of data this raises a question as to the adaptability of this variety to alternative pruning methods. Taking the same parameters into account, Chardonnay seems to be better adaptable to alternative pruning. Further research into this aspect is necessary. In the case of the red varieties, Cabernet Sauvignon reacted to mechanical pruning in a similar way than Chardonnay. Minimal pruning significantly increased the number of canes per vine with all three red varieties, but the average cane length was signfficantly decreased mainly because of a reduction in internode length (Table 8) .
Similarly to the white varieties, minimal pruning induced the biggest changes in all measured parameters in the red varieties compared to hand pruning (Table 9) . Merlot showed the biggest increase in number of shoots for both alternative pruning methods and at the same time it showed the biggest decrease in cane length. Field observations showed that the shoot growth of this variety came to a rather abrupt arrest during the middle of the growing season even though the crop stress was not as high as in the case of the other two varieties. Although Cabernet Sauvignon showed the biggest decrease in internode length, it maintained shoot growth over a longer period. This, together with the fact that it showed the biggest increase in bunch number and yield, points to the adaptability of this variety to alternative pruning methods. The bunch mass of Pinotage was least affected by alternative pruning and, combined with the relatively small change in the growth habit, this indicates that this variety also adapts well to alternative pruning methods. After only four data years it seems that Merlot is the least suitable for alternative pruning.
Except for Merlot and Pinotage the cumulative yield over four seasons for all varieties was highest for minimal pruning, pointing to an earlier break even point than for the other pruning methods (Fig. 4) . The relative yield difference in the case of Merlot also was less expressed than for the other varieties, strengthening the observation that this variety may not adapt well to alternative pruning. The cumulative yield of minimally pruned Chenin blanc was the highest, while hand pruned Chardonnay and Cabernet Sauvignon were the lowest.
Although no clear pattern could be distinguished, important annual fluctuations in yield occurred (Fig. 5) trail was approximately 7 km away and in the same climate region (Region III) than the one at Nietvoorbij. This tendency was not clearly shown for the Robertson (Region V) trial (see Fig. 13 ) and it points to the possibility that climate plays an important role in the performance of alternatively pruning methods. More data years are necessary to identify variety differences in this respect. Different pruning methods had little effect on the oenological performance of the six varieties investigated (Tables 10 & 11) . Minimally pruned Sauvignon blanc had lower extract, while mechanically pruned Chenin blanc, mechanically and minimally pruned Sauvignon blanc showed a lower acid concentration (Table 10). Hand pruning induced less colour in the skins and wines of Cabernet Sauvignon, while the colour of Pinotage was negatively affected by alternative pruning methods (Table 11) . Again, more research is necessary to establish if this pattern will continue over the longer term.
In three out of four years the citrus-like aroma of Chardonnay wines was enhanced by minimal pruning (Fig. 6) , while the tree (2001 -2005 fruit aroma benefited form mechanical pruning for two of the four vintages. This is ascribed to better fruit exposure brought about by alternative pruning methods (data not shown).
In one out of four years, the colour of Chenin blanc wines was improved by mechanical pruning (Fig. 7) . During the same vintage, this pruning method decreased the acid concentration. During one year, minimal pruning decreased the overall quality of Chenin blanc wines. Chenin blanc wine did not benefit from alternative pruning.
The vegetative character of Sauvignon blanc wines was enhanced by hand pruning in two of the four vintages, probably because of less fruit exposure (Fig. 8) , while it improved the acid concentration of one year only.
Hand pruning decreased the colour of Pinotage wines in two of the four vintages, while it decreased the vegetative aroma and overall quality twice (Fig. 9 ). There is a tendency that the colour is enhanced by mechanical pruning. These colour differences may be ascribed to differences in fruit exposure and berry size. 
FIGURE 6
Effect of pruning methods on the aroma profiles and wine quality of Chardonnay wines of four different vintages at Elsenburg (2001 Elsenburg ( -2004 No clear pattern is obvious form the aroma and quality profiles of Merlot wines, except that minimal pruning was responsible for wine colour reduction in three of the four vintages (Fig. 10) although the reduction was not significant. This cannot be explained because no skin colour differences occurred (see Table 11 ).
In three of the four vintages, alternative pruning enhanced the colour of Cabernet Sauvignon wine compared to hand pruning (Fig. 11) . This was expected due to the improvement of the skin colour obtained in the grapes (see Table 11 ). In spite of this, minimal pruning produced the worst overall quality Cabernet wine in two of the three seasons. There is a tendency for wines form the hand pruned plots to be more vegetative in character and this is probably due to the bunches not being as well exposed to sunlight as in the case of the alternatively pruned plots. This probably contributed to the judges finding a higher overall cultivar intensity in the wines from the hand pruned plots.
Trial at Robertson
The same labour saving advantages obtained by alternative pruning methods in the trials at Nietvoorbij and Elsenburg, were realised in the trial at Robertson (Table 12 ). Hand pruning (including canopy management and harvesting) required 193.8 man hours/ ha, while 46.6 and 22.0 man hours/ha were used for mechanical and minimal pruning respectively. The man hours used for canopy management with the alternative pruning methods were for removing shoots on the trunks as well as mechanical trimming of shoots to open the work row. In the case of minimal pruning summer trimming of the shoots 30cm above ground level is also included under canopy management. It is again necessary to state that mechanical harvesting is a prerequisite when anyone of the alternative pruning methods are used.
The average cane length was significantly decreased by alternative pruning with minimal pruning producing the shortest in- FIGURE 8 Effect of pruning methods on the aroma profiles and wine quality of Sauvignon blanc wines of four different vintages at Elsenburg (2001 Elsenburg ( -2004 
Vintage
Statistical differences indicated in the figures (p 0.05). *NS = non significant. ** Downy mildew caused severe damage in 2002 and wine could not be made from all the treatments and replicates thus no statistical analyses was applied.
FIGURE 10
Effect of pruning methods on the aroma profiles and wine quality of Merlot wines of four different vintages at Elsenburg (2001 Elsenburg ( -2004 FIGURE 11 Effect of pruning methods on the aroma profiles and wine quality of Cabernet Sauvignon wines of four different vintages at Elsenburg (2001 Elsenburg ( -2004 .
TABLE 11
Effect of pruning method on the oenological performance of the three different red varieties at Elsenburg (2001 Elsenburg ( -2004 ** Grapes from the alternative pruning plots were machine harvested. *** Shoots on the vine trunks were removed. In the case of minimal pruning, shoots hanging down were trimmed to about 30cm above soil level. Shoots of the mechanical and minimum pruned vines were also trimmed to open up the workrow.
ternodes (Table 13 ). On average, mechanical pruning reduced shoot length by 18% over all varieties, while minimal pruning was responsible for a 60% decrease (Table 14) compared to hand pruning. At the same time internode length was reduced by 10% and 40% respectively. In all cases the number of nodes per cane was significantly reduced by alternative pruning (data not shown) compared to hand pruning. The number of shoots per vine was signfficantly increased by the alternative pruning methods (Table  13) , mechanical pruning increased it by 113% over hand pruning and minimal pruning by 400% (Table 14) respectively. Changes in cane length (decrease) and number of shoots (increase) brought about by mechanical pruning compared to hand pruning, resulted in no change in cane mass/ha in the case of Ruby Cabernet and Shiraz (Table 14) repsectively. The overall reduction in vigour caused by alternative pruning methods could partly be ascribed to the increases in yield (Table 13 ) compared to hand pruning. Minimal pruned vines only yielded more than mechanical pruned vines in the case of Chardonnay. Mechanical pruned vines performed the same or better than minimal pruned vines in the case of the other varieties. The possible yield reducing effect of a lower bunch mass in the case of the alternative pruning methods, was more than offset by a significant increase in bunch number (Table  13 ). The cumulative yield over the six vintages of this trail showed that Chardonnay and Shiraz profited by mechanical pruning, while Sauvignon blanc and Ruby Cabernet profited by minimal pruning (Fig. 12) . In the case of Chenin blanc and Colombar no distinction can be made between mechanical and minimal pruning. It is, however, clear that these two alternative pruning methods had a yield advantage over hand pruning. No clear pattern emerged when seasonal yields were compared between varieties (Fig. 13) .
Mechanical pruning increased the bunch number on average by 166% in all varieties, while minimal pruning was responsible for an increase or 360% (Table 14) . The smaller bunches obtained with alternative pruning were not only caused by smaller berries (mass and volume), but also by a smaller physical size as shown by the bunch stem mass (Table 13) . Pruning methods had no clear effect on sugar concentration and in the case of Chardonnay, Sauvignon blanc and Ruby Cabernet, the acid concentration in the grapes was reduced (Table 13) compared to hand pruning. The effect of pruning method on must pH was not clear and it differed between varieties. More research is necessary to determine the effect of the alternative pruning methods on grape composition.
No clear trend in the effect of alternative pruning methods on the wine composition of the different varieties could be found except for wine colour where these methods improved the colour of Ruby Cabernet and Shiraz wines ( Table 15 ). This may be derived from the better skin colour (possible better skin: juice relationship of the smaller berries) obtained by alternative pruning with these varieties.
In two of the six vintages, the citrus aroma of the Chardonnay wines was improved by minimal pruning, while mechanical pruning achieved it in one season (Fig. 14) . There is a tendency that the citrus and tree fruit characters were enhanced by alternative pruning. Pruning method had no clear effect on the wine aroma of Chenin blanc (Fig. 15) and the same is true for Colombar (Fig.  16 ) which is also a neutral variety. Contrary to popular belief, minimal pruning enhanced the vegetative character of Sauvignon blanc wines in two of the six vintages, while it reduced the tropical fruitiness in one season (Fig. 17) . The wines from the hand pruned plots showed a tendency to be fuller than that of the alternatively pruned vines. In two of the six vintages the panel ofjudges found a better colour in the Shiraz wines from the alternatively pruned vines (Fig. 18) . Except for a tendency that alternatively pruning improved quality, overall cultivar intensity, fruitiness and spiciness, no clear pattern emerged in the wines of Shiraz (Fig. 18) . In four of the six vintages, there was a tendency that hand pruned vines enhanced the vegetativeness of Ruby Cabernet wine (Fig.  19) . No other clear pattern emerged.
With all the varieties, especially the two reds, sunburn and millerandage were increased with alternative pruning and this tendency held true for all three trials. In all cases the bunch compaction was also reduced but no disease advantage could be monitored. CONCLUSION Compared to hand pruning, alternative pruning methods (mechanical, minimal and no pruning) are hugely labour saving and contribute greatly to reducing production costs of wine grapes. A prerequisite for these methods is the availability of mechanical harvest machines because hand harvesting the resultant numerous small bunches by hand, is not viable.
Alternative pruning methods reduced the vigour of all varieties used in the three different trials, but the method as well as the variety differ in the extent to which these changes took place. Vigour reduction is ascribed to shorter canes with shorter internodes and the time of shoot growth arrestment varies between varieties. Although berry mass and volume as well as physical bunch size were reduced by alternative pruning methods, resulting in lighter bunches, the increased number of bunches not only prevented a yield decrease, it was responsible for considerable yield increases compared to hand pruning. Contrary to common believe that this may affect quality, wine quality in most cases was either not affected or it was improved. Again, in this respect there are variety differences.
Cabernet Sauvignon, Pinotage and Chardonnay seemed to adapt the best to alternative pruning, while Sauvignon blanc and Merlot (both varieties prefer cooler ripening conditions) were less adaptable. The perfonnance of Chenin blanc, Colombar, Shiraz and Ruby Cabernet was acceptable making them good candidates for alternative pruning especially when the economy is taken in account. Although not measured, practical vineyard observations showed that inner trellis posts should not be planted further apart than 6.0m, while additional fertilization and irrigation will be needed when anyone of the alternative pruning methods is used.
Wider vineyard rows (3.Om to 3.2m) must be used when one or more of the alternative pruning methods are applied to provide enough room for the expansion of the permanent vine structure. 
Vintage
Statistical differences indicated in the figures (p 0.05).
*NS = non significant.
FIGURE 18 Effect of pruning methods on the aroma profiles and wine quality of Shiraz wines of six different vintages at Robertson (2001 Robertson ( -2006 
FIGURE 19
Effect of pruning methods on the aroma profiles and wine quality of Ruby Cabernet wines of six different vintages at Robertson (2001 Robertson ( -2006 .
